ABSTRACT
Recently, we reported the construction of a database containing structural alignment of homologous protein families (HOMSTRAD; Mizuguchi et al., 1998a) . These structural alignments have been used to derive environment-specific substitution tables (Overington et al., 1992) for comparative modelling (Burke et al., 1999) and for query-template alignment and recognition (Shi et al., 2001) . The rapid growth of the sequence databases has motivated us to augment the structural alignments in HOMSTRAD with sequence information. The Pfam database (Bateman et al., 2000) is a large collection of protein multiple sequence alignments, representing a convenient source to enrich the HOMSTRAD alignments.
We established links between HOMSTRAD and Pfam families by scoring all HOMSTRAD sequences against the Pfam profile hidden Markov models (profile HMMs) with HMMER using a conservative E-value of 0.001.
Homologous sequences were collected from the seed alignments of corresponding families in Pfam and aligned against the HOMSTRAD structural profile using the program FUGUE (Shi et al., 2001) . Discrepancies between definitions of protein domains due to differing sequence boundaries in HOMSTRAD and Pfam were resolved by replacing Pfam sequences with the original SWISS-PROT/TrEMBL sequences (Bairoch and Apweiler, 2000) and subsequent truncation at the termini of the HOM-STRAD profile. The alignments are displayed according to the JOY format (Mizuguchi et al., 1998b) , revealing three-dimensional structural features (such as secondary structure, solvent accessibility and hydrogen bonding) that help explain conservation patterns of key residues within a family. Additionally, the resulting alignments are annotated with matching PROSITE patterns (Hofmann et al., 1999) , colour coded according to solvent accessibility and sequence conservation in order to highlight functional residues. Hyperlinks are provided to the corresponding entries in Pfam, PROSITE, SCOP, CATH, FSSP and SWISS-PROT/TrEMBL databases. A link to the FUGUE server is provided that allow query sequences to be aligned against a family profile.
Different protein sequence alignment methods tend to be locally inconsistent, most of the inconsistencies occurring in loop regions where there may not be a single optimal alignment. We should emphasize that Pfam alignments are generated on the basis of sequence alone, while the HOMSTRAD alignments are based on structural superposition and topological equivalences (Šali and Blundell, 1990) . It is not surprising that there are some discrepancies between Pfam and HOMSTRAD in their respective domain definitions for a number of families. When these differences are large, they usually involve families of proteins comprising tandem structural repeats. In Pfam, the alignments are generally composed of a single repeat, with the profile-HMM matching a protein multiple times, whereas in HOMSTRAD they are usually left intact preserving the entire structure with several structural repeats. For example, the Pfam annexin alignment contains a single structural repeat while the HOMSTRAD alignment contains four. For comparative modelling, it is advantageous to provide a global alignment between the target sequence and multi-repeat template(s), circumventing the problem of the assembly of multiple repeats into a complete structural model. This also applies to proteins comprising multiple domains where their respective orientation cannot otherwise be reliably predicted. We carried out a comparison between HOMSTRAD and Pfam alignments, in order to provide an indication of the quality of the Pfam alignments. Because the HOMSTRAD and Pfam alignments are built from different sequences, we realigned the HOMSTRAD sequences with the Pfam profile-HMM and counted the number of pairs of residues that were identical between the two alignments. We were able to compare 399 families between the two databases. The majority (221) of the families were identical at 80% of aligned positions with the remaining 20% corresponding to likely inconsistencies at loop regions. However, 59 families shared less than 50% of aligned positions. Eighteen of these are due to repeats being treated differently between Pfam and HOMSTRAD. Other disagreements were due to large differences in domain definitions. In a few families with similar domain definitions, the alignments were very dissimilar. Investigation of these cases showed that, for example, the Pfam histone family is poorly aligned; this and other families are being changed in Pfam to incorporate the structural alignment. In addition, we were able to identify two alignments in HOMSTRAD that were corrupted by poorly resolved structures. Smaller differences between Pfam and HOMSTRAD alignments were evaluated on a case-by-case basis and many are due to the Pfam alignment only containing the conserved core of the domain, as in the immunoglobulin domain.
HOMSTRAD
HOMSTRAD is a unique structural alignment database benefitting from the growth of both sequence and structure databases. The databases is tightly coupled to the homology recognition/alignment server FUGUE which shows significant improvement by the combination of introduced homologous sequence information and existing structural profiles from HOMSTRAD. Such protein databases have proved to be a valuable tool in recent CASP experiments (Burke et al., 1999) .
